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Glucose sampling: importance of citrate
Dear Editor, For many years, measurement of plasma glucose has been required for the diagnosis of diabetes mellitus, impaired fasting glucose, impaired glucose tolerance and gestational diabetes mellitus. 1 The National Academy of Clinical Biochemistry (NACB) and the American Diabetes Association (ADA) recommend measures to reduce in vitro glycolysis: to place the sample tube immediately on ice and to separate plasma from cells within 30 min. Alternatively, tubes may be used that contain a rapidly effective glycolysis inhibitor. Commonly used inhibitors include citrate and sodium fluoride. However, according to the NACB-ADA guidelines, sodium fluoride is not effective as a rapid inhibitor of glycolysis. 2 We collected samples from 72 healthy hospital employees (27 males, 45 females) across three sites and compared glucose concentrations in five commercially available tubes (the volume of draw and inhibitor/mixture is indicated in each case): (1) S-Monovette Õ 4.9 mL, lithium heparin (Sarstedt AG & Co., Nu¨mbrecht, Germany); (2) Terumo Õ Venosafe Õ 3.0 mL, citrate/fluoride (Terumo Italia SRL, Roma, Italy); (3) S-Monovette Õ GlucoEXACT 3.1 mL, citrate/fluoride (Sarstedt AG & Co.); (4) VACUETTE Õ GLUCOMEDICS 2.0 mL, citrate/fluoride (Greiner Bio-One GmbH, Kremsmu¨nster, Austria); (5) BD Vacutainer Õ 4.0 mL, fluoride oxalate (Becton Dickinson Italia, Milano, Italy). (1) was used as the reference standard. (3) and (4) contain a liquid mixture of inhibitors; care was taken to ensure collection of the correct blood volume. Results from (4) were adjusted, first, by the multiplication factor recommended by the manufacturer (1.16), and, second, by the factor recommended by Dimeski et al. 3 (1.10), based on their detailed study of glucose sampling.
Complete mixing was ensured by inverting the tube multiple times. Blood collected into (2), (3), (4) and (5) above was maintained at 23-25 C for 2 h, samples centrifuged for 15 min, plasma aliquoted and stored at 2-6 C until analysed using a hexokinase-based reagent method. The samples were analysed in a single run in duplicate. Glucose intra-assay CV was <1.42% for all laboratories.
Results are summarized in Table 1 . We found that samples in which blood was acidified by citrate produced higher percentages of results within the desirable goal for bias compared with those collected into sodium fluoride. This confirms the findings of other studies. 4, 5 We also found that for (4), applying the multiplication factor suggested by Dimeski et al. 3 (1.10) produced more results within the desirable goal for bias than applying the one recommended by the manufacturer (1.16) (33.8% vs. 22.4%). Our study underlines the superiority of tubes which contain citrate-based mixtures of inhibitors. 
